Abstract
Introduction

1
Aging is associated with an overall cognitive decline triggered in part by a progressive 2 degradation of brain structure. Limited but significant neuronal loss takes place during healthy 3 adulthood [1] . In addition, tau protein, which stabilizes axonal structure, and amyloid-beta (Aβ) 4 protein, a peptide directly related to neuronal activity, progressively aggregate in the brain over 5 the lifespan to form neurofibrillary tangles (NFTs) and senile plaques, respectively [2] . Tau NFTs, 6 Aβ plaques, and neurodegeneration favor cognitive decline [3] . They are considered as major 7 underlying causes of dementia and constitute the hallmarks of Alzheimer's disease (AD) [4] . 8 However, age-related changes in brain structure go undetected for decades: tau protein aggregation 9 takes place as early as during the second decade of life in the brainstem, while Aβ aggregates can 10 be detected around the 4 th decade in the neocortex [5] .
11
One of the first signs of AD-and age-related brain integrity degradation may reside in 12 alterations in the regulation of sleep and wakefulness [6] . Sleep-wake disruption is indeed strongly 13 associated with AD neuropathology [7] : grey matter (GM) integrity has been associated with 14 measures of sleep quality, including sleep slow waves characteristics, in cross-sectional and 15 longitudinal studies [8, 9] . Aβ and tau burdens in healthy older individuals have been associated 16 with the amount of slow waves generated during non-rapid eye movement (NREM) sleep [10, 11] . 17 Importantly, Aβ burden has been reported to affect memory performance through its impact on 18 sleep slow waves in elderly individuals (~75 y) [11] . In addition, the presence of preclinical Aβ 19 plaque pathology, assessed through PET imaging or cerebrospinal fluid collection, is associated 20 with fragmentation of the entire rest-activity cycle, i.e. encompassing both sleep and wakefulness 21 [12]. Whether age-related alteration in brain structure may affect sleep-wake regulation of daytime 22 brain activity is unknown, however. which keeps track of time awake, and circadian rhythmicity, which temporally organizes 2 physiology and behavior [13, 14] . The strength of both processes seems to decrease with age, 3 resulting in dampened dynamics of sleep-wake rhythms and reduced variations in brain activity 4 both during sleep and prolonged wakefulness [13] . The generation of slow waves during sleep, 5 which is associated with the dissipation of sleep need, is reduced in aging [15] . Likewise, cortical 6 excitability [16] , a basic aspect of brain function implicated in age-related cognitive decline 7 [17, 18] , shows less variations during prolonged wakefulness. Age-related alterations in the 8 regulation of sleep and wakefulness are not only associated with current cognition [19, 20] , but 9 also predicts future cognitive trajectories, including the risk of developing dementia [12, [21] [22] [23] . 10 Importantly, some of the changes in sleep-wake regulation take place as early as in middle-aged 11 individuals (> 40y) [15] . Whether the early alterations in sleep and wakefulness regulation and 12 their potential cognitive consequences are systematically related to age-related alterations in brain 13 structure remains unknown. 14 The goals of the present study were threefold. First, we assessed whether sleep-wake 15 regulation of brain function during wakefulness is linked to age-related alterations in brain 16 structure in relatively young and healthy older individuals (50-70 years). We hypothesized that the 17 dynamics of cortical excitability during wakefulness would be related to both Aβ and tau burden, 18 taking into account any potential neurodegeneration. We further investigated whether sleep-wake 19 regulation of brain activity during wakefulness is associated with cognitive fitness. Based on 20 previous findings [16] , we anticipated that cortical excitability dynamics would be associated with 21 executive performance. Finally we tested whether these putative links would be independent of 22 Aβ and tau burden as well as neurodegeneration. We postulated that the inclusion of the three 23 5 markers of brain integrity in our statistical models would at least decrease, if not remove, the 1 association between cortical excitability during wakefulness and cognition.
2
Results
1
In a multi-modal cross-sectional study ( Figure 1A) , 60 healthy and cognitively normal late 2 middle-aged individuals (42 women; age range 50-69 years, mean ± SD = 59.6 ± 5.5 years; To account for this variability, we summarized cortical excitability dynamics at the 14 individual level using a single value consisting in the regression coefficient of a linear fit across 15 the 5 TMS-EEG measurements ( Figure 1B) . Individual residuals indicated that regression quality 16 was good overall and regression coefficients reflected the differences between the first and last 17 sessions of the protocol in most subjects (Supplemental methods). related to slow wave energy (SWE), a cumulative measure of slow waves generated during NREM to a gold standard measure of sleep homeostasis known to decline in aging [13, 15] Figure 4A ). In other words, individuals displaying preserved cortical excitability 
17
CEP is linked to cognition, beyond changes in brain structure associated with AD neuropathology. 18 We found no association between the hallmarks of AD neuropathology and global, 19 memory, attentional, and executive cognitive performance ( The day before the wake-extension protocol, participants arrived to the laboratory 8 hours before 5 their habitual bedtime and were kept in dim light (< 5 lux) for 6.5 hours preceding bedtime. Their 6 habitual sleep was then recorded in complete darkness under EEG (baseline night, Figure 1A ).
7
Baseline night data were acquired using N7000 amplifiers (EMBLA). The electrode montage for the number of N2 and N3 epochs to account for artefacted data. As the frontal regions are most 18 sensitive to sleep-wake history [13] , SWE was considered over the frontal electrodes (F3, Fz, F4).
19
Wake-extension protocol 20 The wake-extension protocol followed the baseline night and consisted of 20h of 
TMS-EEG assessment
10
One TMS-EEG session was performed prior to the wake-extension protocol to determine Statistical analyses were performed using Generalized Linear Mixed Models (GLMMs) in 17 SAS 9.4 (SAS Institute, Cary, NC). Dependent variables distribution was first determined using 18 "allfitdist" function in MATLAB and GLMMs were adjusted accordingly. All statistical models 19 were adjusted for age, sex and education. Statistical significance was set at p < 0.05. Simple 20 regressions were used for visual display only and not as a substitute of the full GLMM statistics. 21 Degrees of freedom were estimated using Kenward-Roger's correction. 
